1997], and hypergames [Fraser & Hipel, 1984] ) as well as several other approaches such as bounded rationality (Simon, 1997) , deterrence theory, and crisis destabilization continue to be used for their solutions. Conflicts, however, are complex social systems (Cheldelin, Druckman, & Fast, 2003; Schelling, 1960 Schelling, /1980 . Novel simulation gaming formalisms, not conflicting with already proven theories and approaches, may be useful for the proper formulations and resolutions of conflicts. The premise of this article is based on the assumption that such methodologies can help us perceive, conceive, and foresee conflicting situations to ideally avoid them and-if they are inevitable-to resolve them.
Regardless of their type and origin, conflicts are parts of social systems; similar to other social phenomena, they are difficult to model. Social systems are sometimes labeled in the literature as soft systems or ill-defined systems where the usefulness of traditional mathematical representations is questioned (Barnsley et al., 1998; Kaufmann, 1996; Spriet & Vansteenkiste, 1982; Waldrop, 1993) . Powerful abstractions at the frontiers of computational modeling have been explored as well. Two such powerful abstractions include (a) the agent-based modeling paradigm (Conte, Sichman, & Gilbert, 1998; Ferber, 1999; Gilbert & Doran, 1998; Shoham, 1993; Tolk, 2005; Weiss, 1999) , which provides a framework that enables computational specification of autonomy, adaptivity, and intelligence, and (b) exploratory modeling (Bankes, 1999; Davis, 2000 Davis, , 2001 Davis & Bigelow, 1998 National Research Council, 1998) , defined as the search or sampling over an ensemble of models that are plausible given a priori knowledge or are otherwise of interest (Bankes, 1993 (Bankes, , 1994 . Although these abstractions enable high-level, powerful, problem-solving capabilities, they need to be significantly enhanced to model realistic conflict phenomena.
In conventional simulation, the results of a model run are viewed as a prediction of what we would expect to occur, which is contradictory to inherent uncertainty in human and social conflicts. We can view simulation as a laboratory, the results of which are interpreted as plausible outcomes of potentially unforeseen computational experiments that a scientist may not anticipate in advance. That is, the complete structure and parameters of computational experiments in conflict research may not effectively be decided in advance, as the trajectory of realistic conflicts is never fixed (Cheldelin et al., 2003; Kirchkamp, 1999) . As Isard and Smith (1982) conclude, corresponding to the time path of structural change of a conflict situation should be a time path of proper conflict management procedures. By making recommendations for alternative models of such procedures, different modeling experiments can be produced. As any given experiment is based on a number of such recommendations, our knowledge about the problem being studied cannot be captured by any single game or experiment. Instead, the available knowledge is viewed as being contained in the collection of simulation experiments that become plausible and viable given what is known and learned during the simulation experiment.
The central goal of this article is to lay out the rationale and conceptual foundations of multimodels and multisimulation methodology to significantly extend exploratory modeling in two dimensions to support conflict studies: (a) multisimulation with run-time updating capabilities to facilitate dealing with uncertainty and adaptivity in a single unified methodology and (b) run-time model recommendation, which monitors evolving processes, detects emergent situations and realities to make decisions for selection, staging, or switching of simulation components, thus aiding knowledge-based dynamic simulation composition at run-time.
Toward advanced methodologies for simulation-based peace and conflict studies
Game theory (Binmore, 1994; Gibbons, 1997; Laszlo et al., 1977) and its extensions (Hofbauer & Sigmund, 1998; Liebrand & Messick, 1996) are widely used as models of social phenomena, including conflicts (Fraser & Hipel, 1984) . Whereas seeking optimal solutions to specific social dilemmas is feasible by the use of analytic approaches, the limitations are extensively studied (Bennett, 1987) .
Computational methods for conflict theory and practice
Social scientists are often interested in conducting experiments to explore alternative realities and assumptions to deal with uncertainty inherent in conflicts. The use of artificial intelligence (AI) tools, such as data mining and statistical machine learning, is pervasive in conflict avoidance and prevention (Fürnkranz, Petrak, Fahringer, Trappl, & Widmer, 2000; Trappl, Fürnkranz, & Petrak, 1996; Trappl, Fürnkranz, Petrak, & Bercovitch, 1997) . Such methods often aim to predict the outbreak of conflicts by analyzing event data extracted from a multitude of sources (Stoll & Subramanian, 2002 ). Yet, we can use abilities of computers not only as passive databases that can only store, access, and reason about information but also as knowledge about the dynamics of conflict and peace processes to experiment with them under a multitude of scenarios. As such, simulation offers experimentation possibilities with "models" (that can represent our varied perceptions on reality) under a large number of scenarios, most of which would have lethal consequences if performed on the real system. In effect, simulation is goal-directed experimentation with dynamic models (i.e., models of systems with time-varying behavior and/or structure). Perceived from the proper perspective, simulation supports scientific thinking substantially. Experimentation is one of the key concepts in scientific thinking since Francis Bacon (1561-1626), who advocated it, over pure reasoning, in 1620 in his Novum Organum, "New Instrument," in today's parlance (Internet Encyclopedia of Philosophy: http://www.utm.edu/research/iep/b/bacon.htm). Bacon's work was a categorical departure from and reaction to "Organon" (the Instrument), which was the title of logical works of Aristotle (384-322 B.C.) that had an "unparalleled influence on the history of Western thought" (Smith, 2001) . Several types of modeling and simulation have been in use successfully for war gaming simulations (Ören, 2005) . It is well known that peace studies are inherently more difficult than studies of war (Marom & Ben Itzak, 1999) .
The use of simulation gaming in international relations has benefited from the interaction between the foreign policy and defense communities. The early work on
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the RAND Corporation's POLEX simulations had a significant effect on the conceptualization of the inter-nation simulations (Guetzkow, 1995 (Guetzkow, Alger, Brody, Noel, & Snyder, 1963) , GLOBUS, DIPLOMACY (Skidmore, 1993) , NATIONS (Herzig & Skidmore, 1995) , GLOBAL PROBLEMS (Lantis, 1998) , and the INTERNATIONAL COMMUNICATION AND NEGOTIATION SIMULATIONS (ICONS). A more detailed discussion on the role of simulation in international relations education can be found in Starkey and Blake (2001) . Kaufman (1998) argues for the value of using simulations as a tool for teaching international relations. Wolfe and Crookall (1998) emphasize the need for increased research on the educational virtues of simulation so that the method may be used more effectively. Vincent and Shepherd (1998) give an in-depth discussion of the research and education in simulation for international relations. Early contributions on the use of simulation and gaming in conflict analysis, management, and resolution community include Guetzkow and Valadez's (1981) work that overviews simulation modeling of international processes, the work on simulation of negotiations (Saunders & Lewicki, 1995) , conflict processes (Beriker & Druckman, 1996) , political decision making (Druckman, Love, & Rozelle, 1983) , and effectiveness of simulation-based conflict studies in education (Druckman, 1995) . The significance of the validity of simulation models of conflict is also well recognized (Hermann, 1967; Sandole, 2003) . There exists a separate line of simulation-based conflict analysis research within the political science field. The basis of such studies often involves game-theoretic analysis of the potential outcomes of dynamic interactions of opponents. Conventional games (Johnson, 1999; Liebrand & Messick, 1996) are concerned with what players ought to do in their own self-interest for optimized outcomes as opposed to what they might do. Agent-based social simulation (Conte & Castelfranchi, 1995) and the use of evolutionary computation (Holland, 1992; Kirchkamp, 1999) , as exemplified in the work of Axelrod (1984) , are noteworthy improvements in the use of simulation for social dilemmas (Gotts, Polhill, & Law, 2003 ). Yet, one of the criticisms against conventional forms of simulation in conflict analysis is that it is necessary to specify a specific structure on the game and its outcomes in advance so that a preference relationship for each player over the conflict can be established. This may be difficult to do when it is not obvious what is exactly involved in some of the outcomes (Yilmaz & Ören, 2004) . Indeed, often in reality, the nature, parameters, and even the problem itself change during a conflict lifecycle (i.e., shifting from negotiation to mediation due to change in attitudes and action tendencies). Capabilities for examining one's options and exploring the conflict state space under alternative realities are important means to determine potential outcomes, especially when the utilities of options are not known a priori. In effect, corresponding to the time path of the structural change of a conflict situation should be a time path of the appropriate models of conflict management procedures (Isard & Smith, 1982) . But, the question is, What should be the sequence of this shift pattern of models of conflict management procedures? Or should there be trigger mechanisms indicating when a shift should occur?
Dynamic model and simulation updating
The immediate factor raised by the above issues is that there is a need for runtime switching of models based on interpretation of emergent, potentially unforeseen conditions to facilitate dynamic run-time simulation composition and experimentation with multiple plausible models. A solution to this problem can also address the dynamic composability challenge raised in a recent RAND report (Davis & Anderson, 2003) . Online model recommenders are needed to interface with the simulation kernel and the underlying operating environment to make recommendations as needed to explore the solution space intelligently. Exploration of the problem state space using a feasible sequence or stages of models would enable experimentation with alternative realities, potentially, at different levels of resolution. Detecting relevant and significant situations in a problem domain requires interpretation capabilities concerning emergent conditions and cause of observed effects. Observed effects need to be attributed to certain causes within the domain theory of the problem at hand. Such causes need to be appraised against the problemsolving goals and preferences to make recommendations for further, potentially simultaneous, exploration of different options. Whereas this scheme can be characterized as forward multisimulation, it is also worthwhile to examine the possibility of backtracking and replaying situated simulation histories with altered conditions and assumptions to explore alternative realities.
The significance of dynamic model and simulation updating
As the envelope of theory, methodology, and infrastructures increases, so does the perimeter of ambitious computational conflict research. An adaptive and exploratory multisimulation methodology is important at least for the following reasons:
1. In most realistic gaming scenarios, the nature of the problem changes as the simulation unfolds (Davis, 1988; Davis, Bigelow, & McEver, 2001) . Initial parameters as well as scenarios can be irrelevant (i.e., real-time training scenarios) under emergent conditions. Relevant contingency models need to be identified and instantiated to continue exploration. 2. Our knowledge about the problem (i.e., conflict) being studied may not be captured by any single model or experiment. Instead, the available knowledge is viewed as being contained in the collection of all possible modeling experiments that are plausible
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given what is known and what is learned. The power of a nation in conflict may depend on its economic performance, population activity, domestic resource exploitation, technology, military capability, political capacity, resilience, as well as the nature and level of sacrifice-readiness of the citizens, and interactions among the associated dynamics. 3. Dealing with uncertainty is paramount to analyzing complex evolving phenomena.
Dynamic adaptivity in simulations and scenarios is necessary to deal with emergent conditions for evolving systems in a flexible manner. 4. As simulations of complex phenomena are used more and more to aid intuition, dynamic run-time simulation composition will help identify (re)solution strategies that are flexible, adaptive, and robust.
Multimodels
Many real-world phenomena cannot be modeled by one single model; rather, they require the use of a set of complementary models that together are able to describe the whole process (i.e., conflict initiation, escalation, war, de-escalation, resolution, termination). A multimodel is a modular model that subsumes multiple submodels that together represent the behavior of the phenomena. Multimodel formalism was originally introduced by Ören (1987, 1991) to facilitate generalization of discontinuity in piecewise continuous systems. The formalism influenced the development of combined simulation, which entails the integration of continuous and discreteevent simulations within the same system description. For instance, as a special case of multimodel, coupled multiformalism specification developed by Praehofer (1992) extended DEVS (Zeigler, Praehofer, & Kim, 2000) formalism to provide a simulation environment for combined continuous/discrete-event simulation. Fishwick and Zeigler (1992) developed a specific type of multimodel to simulate qualitative dynamics of physical systems. Concomitantly, the EXTENSIBLE MODELING AND SIMULATION FRAMEWORK (XMSF; Blais et al., 2005) aims to facilitate dynamic extensibility next-generation simulation infrastructures.
A taxonomy of multimodels: Exploring the design space of multimodels
Social systems often have several aspects-some dormant-with mutual influence. To be able to study more than one aspect of reality and their interactions at the same time, one needs appropriate modeling methodologies such as multimodels. By expanding our horizon based on the variations on the multimodel structure and submodel activation behavior, we can identify various types of models. Table 1 illustrates a taxonomy of possible multimodel types based on various plausible constraints imposed on the submodel structure and activation policies. Based on the submodel structure of a multimodel, we consider the number of submodels active at a given time and the variability of the structure as the main criteria. Conventional multimodels, where only one model is active at a time, can be characterized as single-aspect (sequential) multimodels. In both cases, the states of the dormant models need to be saved and resumed once they are activated. Yet, re-instantiation of these latent models with new up-to-date state information is needed to facilitate
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continuity in the overall model behavior. Multiaspect models operate under conditions where more than one submodel can coexist simultaneously to represent distinct aspects of the same phenomena. Multimodels can have static or dynamic structures. Dynamic structure multimodels enable not only variation of the number of submodels but also their alteration (i.e., evolution). Extensible multimodels enable inclusion of new submodels that are unforeseen at the design time, whereas alteration of existing submodels results in evolutionary behavior or mutation of submodels. Different model update policies and mechanisms involving replacement, switching, and staging of submodels result in various design options for multimodels. The activation policy of a multimodel is based on the nature of information necessary for the activation of submodel(s) along with the location of this information. Depending on the nature of the activation information, multimodels can be constraint driven, pattern directed, or goal directed.
Constraint-driven multimodels are controlled by stationary (Fishwick & Zeigler, 1992) or adaptive transition policies that can have learning capabilities. Various reinforcement learning strategies can be used to maximize utilities, payoffs, or rewards in constraint-driven multimodel simulation. By choosing those actions in a given state that maximize a scalar reinforcement or feedback received after each action, the policy can adapt its action award structure by using a Markov decision process. Pattern-directed multimodels, on the other hand, follow a fixed cyclic or acyclic pattern (i.e., sequence) of submodel activations. Model selection can also be based on goal-directed (teleological) activation. Such models with planning facilities enable exploring a state space with alternative submodels, the preconditions of which are consistent with the observed conditions. In this viewpoint, submodels are simply operators in a state space search algorithm implemented by the planner that is interfaced with the multimodel. Pattern-directed activation can guide selection of known submodel(s). A simple case is metamorphic models where the number of submodels is finite and their sequence is fixed.
Based on the location of information necessary for the activation of a submodel, we consider the following two cases. Active multimodels initiate updates due to internal emergent conditions that satisfy the transition conditions embedded with their specification (Ören, 1987) . Such multimodels ideally incorporate a separate scheduler augmented with monitoring mechanisms to facilitate separation of concerns between model behavior generation and the behavior exhibited by the update protocols. In externally activated multimodels (i.e., passive multimodels), the decision to qualify and switch to a submodel is external to enable flexible and customizable update mechanisms or protocols.
Multiresolution, multiaspect, multistage multimodels of conflicts
Multisimulation (or multisim, for short) is simulation of several aspects of reality in a study. It includes simulation with multiresolution models, simulation with multiaspect models, and simulation with multistage models. Simulation with multiresolution models involves building a single model, a family of models, or both to describe the same phenomenon at different levels of resolution in a mutually consistent way. Simulation with multiaspect models (or multiaspect simulation) allows computational experimentation with more than one aspect of reality simultaneously. This type of multisimulation is a novel way to perceive and experiment with several aspects of reality as well as exploring conditions affecting transitions between several aspects of systems. While exploring the transitions, one can also analyze the effects of encouraging and hindering transition conditions. Simulation with multistage models allows branching of a simulation study into several simulation studies, each branch allowing experimentation with a new model under similar or novel scenarios. Multisimulation is a simulation where at decision points, simulation updates may include decisions on
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the branching of simulation studies as well as selection of models/submodels and associated parameters and experimental conditions to be used in subsequent stages of simulations. In multisimulation, at the interruption of the simulation, one can induce new model(s) based on the assessment of the situation so far. This very realistic possibility is not explored yet. Staging considers branching to other simulation studies in response to scenario or phase change during experimentation.
In this section, we demonstrate the utility of multimodels in representing the structure of conflict situations as well as the associated dynamic behavior defined in terms of conflict management procedures. We use the framework and a concrete example proposed by Isard and Smith (1982) to substantiate our position on the utility of multimodels.
Elementary concepts for modeling conflict situations
A simple conflict situation is represented as CS = (Actors, Action, Environment, Outcome, Preferences). The actors component of CS stands for the participants in a conflict situation and includes, if necessary, a mediator (M). The set of actions, Actions, designates the acts that can be performed by the participants in conflict. Actions involve identifiable events that designate intentional change by a participant of his relation to the environment. In most conflict situations, proposals are involved to specify actions taken by each participant. Aside from the actions of participants, there exist environmental factors (e.g., weather, pollution level) that affect the decision of participants. These factors collectively make up the state of the environment. The combination of the environmental state and the action of participants produces an outcome, o ∈ Outcome.
Given the actions of other participants, the state of the environment, z, the outcome function, f(a, z) = o, associates an outcome, o, with each action a that a particular participant may take. The Preference function maps the outcomes into a set of rankings. The preferences over actions are used during decision making to generate actions. This simple definition of a conflict situation allows us to distinguish between conflict and harmony. Harmony exists if the most preferred joint actions for each actor are the same. A conflict exists when there is no harmony joint action. A model of a conflict involves a conflict situation, which represents the structural components of the conflict, and a conflict management procedure (CMP) that represents the dynamic negotiation, arbitration, or mediation process used to resolve the conflict. A number of conflict management procedures are proposed for various types of conflicts (i.e., small number of options, large number of options, outcomes in relative terms) in Isard and Smith (1982) .
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Figure 1 illustrates the components and their relations with respect to each other in a conflict model. For the sake of simplicity, the number of actors is restricted to two. The CMP component facilitates interaction between participants of the conflict by realizing the proper conflict resolution mechanism. The mediator and the participants interact in accordance with the protocol designated by the CMP. The CMP component is where all the bargaining, negotiation, coalition, and strategic processes take place. The information subsystem embodies the payoffs, preferences, and utility information associated with the actions of participants. The decision unit of each actor ideally uses guiding principles such as cultural practices, as well as social and human factors such as personality and emotions to generate actions.
In the absence of the encoding of such information, the payoffs and utilities associated with actions along with preferences over outcomes influence the decisionmaking process. This deliberation process is also influenced by the state of the environment. In our example, we will simply use the preferences over outcomes to select actions. The output/production unit associated with each actor computes the social, political, economic, ecologic, and technological implications of the action taken by the decision-making unit of the actor. 
Conflict model
Actor j Information (Payoff, preferences) CMP (via mediator) a k a j O j O j (output/ production unit) D j (decision making unit) D k z z i i' i+i' O k O k
Case study: Strategic decision making via compromise over proposed outcomes/actions
To aid exposition of the above ideas, we extend a case study originally developed by Isard and Smith (1982) . In this case study, there are two participants. One of the participants (J) is the leader of a group of developed nations. The second (K) is a leader for a group of developing nations. The actions of the leader of the developed nations pertain to the type of development programs. These programs are as follows: . The details for these programs are beyond the scope of this article and can be found in Isard and Smith (1982) . Figure 2 presents the joint outcome matrix used by the mediator in managing a conflict. The contents of the cells in the matrix designate the payoff of actions for the participants. This matrix is stored within the information component of the conflict model and used to illustrate the utility of multiaspect and multiresolution modeling.
Conflict management procedures
Each conflict model is associated with a component that embodies the strategy used by the mediator to resolve a conflict situation. In this section, we consider two conflict management procedures: compromise over proposed outcomes and compromise over joint actions. 
Level of J's Program

AG
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Compromise over proposed outcomes. Given a conflict state space as in the above example, consider the assumption that the full control option is unrealistic and excluded from the joint outcome matrix. This results in an information component that uses the matrix shown in Figure 3 . This time, the matrix includes the preferences over the outcomes of both parties. The developing nations prefer to take the action designated by (AG, C2), whereas developed nations prefer (F, C3). Hence, we have a conflict that needs to be resolved. Within the simulation, the mediator having access to the complete outcome matrix points out and suggests the adoption of joint action (AG, C3), which yields a compromise outcome to each participant. The proposed joint action yields a better result compared to the outcome if both parties act on their own (i.e., [F, C2] ). Figure 4 , the mediator rules out the full control and infrastructure support options as infeasible actions. The preferences of individual participants are gathered by the mediator to establish the outcome matrix. A conflict appears as shown in Figure 4 . The developed nations prefer (F, C3), whereas developing nations prefer (IND, C1). By asking each participant to concede a step, the mediator invokes the principle of compromise over the proposed joint actions.
Action compromise principle. In the example shown in
That is, the mediator contacts the developed nations' leader to step up their program from F to AG, while demanding from the leader of the developing nations to step up their control from C1 to C2. The compromise joint action (AG, C2) is a comprise joint action. Next, we introduce the elementary concepts underlying multiresolution, multiaspect, and multistage models, followed by their use within conflict simulation within the proposed framework.
Multiresolution, multiaspect, multistage multimodels of conflict situations
Multiresolution modeling (MRM) is developing a single model, a family of models, or both to represent the behavior of a phenomenon at different levels of abstraction. The premise underlying MRM is that representation of the same phenomenon (i.e., conflict) at high-level and low-level resolution involves distinct yet dependent elements, constraints, and mechanisms. For instance, a strategic decision-making unit of an actor at a low-resolution model may have a small set of actions, compared with a high-resolution model with a large number of potential actions and detailed production processes (see next section). MRM deals with designing simulations that operate at different levels of resolution. MRM is based on model hierarchies, where the models lower in the hierarchy are at a higher level of resolution. Similarly, the abstraction of the overall conflict into multiple views, potentially overlapping views, is a critical issue in multiaspect modeling. Each view may designate a subset of the game, its action domain, and production mechanisms. For instance, whereas a model explores the effect of a set of actions on the political and economical domain, others may explore the ecological and technological aspects. Integration of distinct views becomes a critical issue in such types of multimodels.
Multistage models are of significant interest, especially for conflicts. In a multistage model, the structures as well as the number of submodels are variable. Depending on the current phase of the problem, different families of models can be used to simulate the dynamics of a conflict. As the phase of a conflict shifts based on a number of factors such as the intensity of the conflict and associated threshold values, a new set of models would need to be used.
The utility of multistage multimodels for conflict simulation
In the compromise over the proposed outcome approach shown in Figure 3 , there exists only one single joint action that is consistent with the principle. However, there can be several joint actions proposed by the mediator. For instance, in Figure 4 , of all joint actions consistent with the compromise outcome principle, the developed nations prefer the joint action (AG, C3), whereas the developing nations prefer (IND, C2) . In this case, one can branch the conflict simulation to observe the effects of choosing alternative joint actions that influence the production unit, which in turn affects the environment of the conflict. Figure 5 demonstrates how a multimodel can be used to explore both branches based on alternative decisions.
In this scenario, whereas CM A carries out the simulation of the production processes based on the joint action (AG, C3), CM B explores the effect of the production processes based on the (IND, C2) joint action. There are conflict situations in which sequential staging of submodels can be useful as well. Consider, for instance, the case in Figure 4 , when a first try at reaching a compromise solution has not worked. The mediator may request that the participants focus on the next preferred joint action. In this case, the developing nations will propose (IND, C2), whereas the developed nations propose (AG, C3). Because the joint actions are still incompatible, the mediator may now suggest using a new conflict management procedure (i.e., compromise outcome principle). The use of this CMP results in two plausible joint actions: (AG, C2) and (IND, C3). The mediator may insist on one option or branching may take place. Yet, it is clear that a change in the conflict management procedure indicates staging to a different submodel that embodies the compromise outcome strategy as part of the CMP subsystem of the conflict model. In effect, the simulation starts with the active baseline submodel that uses compromise over joint actions strategy and then after two rounds of interactions, the submodel that uses the compromise over outcomes strategy becomes active due to switching to a new strategy.
The utility of multiaspect multimodels for conflict simulation
With the actions of two participants well defined, Figure 2 presented a payoff matrix used by the decision unit of the actors in the conflict model. The numbers depict the preferences over the perceived outcomes. If the level of J's (leader of developed nations) program is NP, whereas the leader of the developing nation chooses no control (C0), then both participants realize zero payoff. When the leader of developing nations chooses the no control option, the shift by the developed nations from any level of program to a higher level option yields a perceived payoff increase of 40 by the developing nation. On the other hand, if limited control is chosen by the developing nations, the payoff will increase to 80. As developed nations move by step from any level to a high-level program, the developing nations would perceive the increase in their payoff to be only 32. By changing the payoff values and increments in the matrix, various strategies can be tested with distinct submodels. For instance, the increment in the perceived payoff in the case of limited control is less than if the developing nations were to have chosen no control. This is mainly due to more organization and less assistance in their economies than if they allowed riots under C0. Decomposing a complex joint action matrix into distinct (or potentially overlapping) submatrices or changing the conflict management procedure within a conflict model results in a distinct set of behaviors based on the observed state of the environment and interactions with other participants. Each such conflict model may capture a specific aspect of the problem domain by varying the associated component and encapsulating them within distinct submodels. Note, however, that the results of distinct views need to be integrated to facilitate derivation of a coherent environment (see Figure 6 ). Multiaspect multimodels will prove useful, in particular, when the overall required production components of a model cannot be captured within a single conflict model due to extensive complexity and/or discrepancy underlying the requisite formalism (i.e., continuous vs. discrete-event) needed to capture the behavior of the production system. In such cases, alternative production (output) models such as macro-models of social group production, econometric models, ecological models stemming from economic activity, and so on can be encapsulated in distinct submodels that are simulated simultaneously. For details on plausible design strategies in developing such models, we refer interested readers to Yilmaz and Oren (2004) .
The utility of multiresolution multimodels for conflict simulation
Multiresolution multimodels are useful in at least two cases in conflict simulation within the context of the above conflict modeling framework: (a) Whereas decision makers are interested in a high-level view of the conflict with a small number of available options and actions, strategists need to drill-down to a high-resolution view of the conflict, which requires detailed models with large number of options and joint actions. Simultaneous simulation of a conflict situation at different levels of resolution with a potential flow of information for calibration (i.e., via environment component) of models improves the credibility and fidelity of conflict simulation. (b) As a conflict simulation unfolds, the available actions and the associated payoff matrix used by the actors within models need to updated, because the conflict situation evolves. When the CMPs used with situations with a small number of options do not scale and are not effective for situations with a large number of options, new CMPs need to be used. This requires multiresolution models with multiple submodels that encapsulate different payoff matrices in conjunction with proper CMPs. Figure 7 illustrates the case in which the simulation starts with a limited payoff matrix with only three viable options for each leader. If the leaders of the developed nations and developing nations choose the actions AG and C2, respectively, then the multiresolution model switches to the new model depicted as CM B . This new model uses not only a new payoff matrix within its information subsystem but also a proper CMP (i.e., split the difference; Isard & Smith, 1982) that is designed to operate on a large number of options. Note that both CM A and CM B are active at the same time. The changes induced by the high-resolution model need to be reflected to the decisionmaking unit of the CM A for calibration of the low-resolution model.
On the need for multimodels for conflict simulation
Some of the concrete examples discussed above emphasized the importance of dropping the notion of using a single conflict management procedure for the management and resolution of complex conflicts. The discussion on the use of multiaspect, multistage, multiresolution multimodels implies a certain type of conflict dynamics, that is, a set of stages in the process associated with proper conflict management procedures for each stage. Note, however, that as conflict simulation unfolds, the parameters of the decision and payoff matrices, the state space of the problem, the attitudes, and preferences may also change. Therefore, the time path of a conflict should map onto a time path of conflict resolution strategies embedded within the models. Critical questions that need to be answered include the issues pertaining to the mechanism by which resolution techniques are selected, when and how shifts occur in updating multimodels, and to whom the judgment to determine the shift should be given.
Conclusions
Novel modeling and simulation formalisms, not conflicting with already proven theories and approaches, may be useful for the proper formulations of conflicts (Ören, 2001) . Such methodologies can help us perceive, conceive, and foresee conflicting situations to ideally avoid them and-if they are inevitable-to resolve them (Yilmaz & Ören, 2004) . In classical mechanics, it is customary to study one aspect of reality at a time. To model such uncertain, evolving, and multistaged social phenomena, we need to explore and extend existing powerful abstractions at the frontiers of 122, 80 114, 170 106, 215 F 40, 70 112, 110 144, 150 136, 190 98, 230 NP 0, 0 80, 50 120, 100 120, 150 90, 200 computational modeling. Two such powerful abstractions include (a) the agentbased modeling paradigm that provides a framework that enables computational specification of autonomy and intelligence and (b) exploratory modeling (Bankes, 1993) , defined as the search or sampling over of an ensemble of models that are plausible given a priori knowledge or are otherwise of interest to deal with uncertainty. Although these abstractions enable high-level and powerful problem-solving capabilities, they need to be significantly enhanced to realize solutions for complex conflicts, including uncertainty, as well as the cases where the nature of the conflict changes as the simulation unfolds, and information about the actual conflict is acquired during simulation rather than before. To this end, the conceptual foundations of a new exploratory multisimulation methodology with dynamic model and simulation updating are presented as an advanced problem-solving environment for social and political scientists to observe and examine the implications and plausible outcomes of decisions in conflict. Strategies and options for the realization of multimodels and multisimulation are overviewed to facilitate the development of nextgeneration problem-solving environments for conflict studies.
